Local translation of ATP synthase subunit 9 mRNA alters ATP levels and the production of ROS in the axon.
To date, it has been demonstrated that axonal mRNA populations contain a large number of nuclear-encoded mRNAs for mitochondrial proteins. Here, we report that the mRNA encoding ATP synthase subunit 9 (ATP5G1), a key component of Complex V of the oxidative phosphorylation chain, is present in the axons of rat primary sympathetic neurons, as judged by in situ hybridization and qRT-PCR methodology. Results of metabolic labeling studies establish that this nuclear-encoded mRNA is translated in the axon. The siRNA-mediated knock-down of axonal ATP5G1 mRNA resulted in a significant reduction of axonal ATP5G1 protein and ATP levels. Silencing of local ATP5G1 expression enhanced the production of local reactive oxygen species (ROS). Importantly, reduction in the levels of ATP5G1 expression resulted in a marked attenuation in the rate of elongation of the axon. Exposure of the distal axons to nordihydroguaiaretic acid (NDGA), a ROS scavenger, mitigated the reduction in the rate of axon elongation observed after knock-down of ATP5G1. Taken together, these data call attention to the key regulatory role that local translation of nuclear-encoded mitochondrial mRNAs plays in energy metabolism and growth of the axon.